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of microcracks is assumed to be isotropic. The effective behaviour of the viscoelastic microcracked masonry is provided by two steps. The first one relies on the coupling between the Griffith's brittle fracture theory and linear mean-field homogenization scheme in order to account for the effect of microcracks on the macroscopic deformation of the mortar and establishes a linear relation between apparent macroscopic stress and strain. This step allows to easily and fast determine the effective creep function of the microcracked mortar without recourse to 'complex' or heavy numerical inversion of the Laplace-Carson transform. The second step is based on the coupling between asymptotic analysis and homogenization theory applied for a periodic masonry. The proposed models provide analytical solutions -explicit functions of the crack density parameter -for the effective orthotropic behaviour of a microcracked viscoelastic periodic masonry cell. This study proves that the Cecchi & Tralli's and Cecchi & Taliercio's extension estimates are close and that the later are softer. Such overall properties are used to perform finite element computations on a compressed masonry panel as a first application. These models allow then the prediction of mostly stressed and deformed areas in microcracked masonry structures. This study demonstrates that modeling a mortar (at its undamaged or microcracked state) with this Burgers formulation is only suitable for a masonry with too high values of the Maxwell's relaxation time otherwise it yields to vanishing effective properties with the increase of time and crack density leading thus to a premature collapse of the masonry. On the other hand, the Modified Maxwell model permits the masonry to preserve a certain resistance for every range value of Maxwell's relaxation time. These conclusions are valid for masonry either A C C E P T E D M A N U S C R I P T
Introduction
Creep phenomenon and its effects are not only restricted to new structures but they involve also historical monuments as postulated in [44] and confirmed later in [6, 35] . Indeed heavy persistent compressive stresses added to the presence of aggressive environment (temperature/humidity conditions) and the self-weight of historical monuments induce stress redistribution and creep strains which can lead to damage accumulation and partial or total collapse of these monuments as it is the case of several famous examples: the Civic Tower of Pavia (Italy), the St. Magdalena bell-tower in Goch (Germany), the Noto and Monza Cathedrals (Italy) [35] . On the other hand, in the iron and steel industry, the refractory lining of furnaces made up of masonry with bricks and either mortared or dry (i.e. without mortar [1] ) joints is often exposed to compressive (monotonic or cyclic) loads.
These compressive loads result from constrained thermal expansion since the temperature inside these structures can reach 1650 degrees. This could induce creep behaviour and diffused damage due to initiation and propagation of micro-cracks mainly in the joints [3] . Generally, viscous behaviour of vitreous materials in gaz turbine engines has been modeled by temperature independently rheological models like Maxwell and the generalized Maxwell models [24] . Models with a temperature parameter have also been defined since the steady-state creep deformation of ceramics under sustained loading conditions normally exhibits a power-law stress-dependent behaviour [26, 2, 25, 30] . Traditionally, both tensile and compressive creep in ceramic materials have been characterized by an empirical creep equation that takes on the form of the Norton-Bailey-Arrhenius equation. Note that a thick mortar tends to decrease the stiffness of structure and increases the likelihood of the possible penetration of process materials into the joints, resulting in the deterioration of the lining. So, the use of thin mortar joint is appropriate and necessary in designing the refractory brick lining system.
Concerning the creep behaviour of traditional mortar, various rheological models namely the USBR, Feng, Ross, typical and modified versions of the Burgers and Modified-Maxwell models may be investigated [17, 28] . On the other hand, there exist several approaches accounting for damage in viscoelastic materials [28, 32] . Indeed, the approach presented in [32] is based on a coupling between continuum damage mechanics and viscoelasticity through the generalized Kelvin-Voigt model. Accordingly, a three-dimensional phenomenological model was developed to describe the long-term creep of gypsum rock. The main disadvantage of this model is that it requires experimental investigation [28] or computational efforts to resolve nonlinear equation [32] function of internal damage variables. In the works of Nguyen et al. [36, 38] , the effective behaviour of microcracked linear viscoelastic concrete was derived from a combination of the Griffith's theory [27] and the Eshelbybased homogenization scheme [4] . The undamaged concrete was assumed to obey to the typical
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Burgers model. In [17] , an experimental study was carried in order to investigate the creep of masonry. A number of rheological models (USBR, Feng, Ross, typical Burgers, Modified Maxwell) are examined to assess their ability to predict the creep of masonry. It was proved that the Modified Maxwell model is the most accurate. According to this result, the Burgers model, namely a Maxwell system connected in series with a Kelvin-Voigt one, and the Modified Maxwell scheme (a parallel combination of the Maxwell model and a spring) models are adopted in this paper to describe the mortar joint's creep. Moreover, in the literature, little attention is devoted to the prediction of the macroscopic creep behaviour of masonry. In this context, Brooks, Cecchi & Tralli, Cecchi & Taliercio and Taliercio [8, 15, 12, 45] proposed models to predict creep coefficients according to the properties of each masonry constituent. These models are based on analytical or numerical homogenization using the finite elements method (FEM) in order to deduce the macroscopic creep of undamaged (without cracks) masonry. In the present study, the coupling between the Griffith's theory and the dilute scheme [4] will be applied to provide the effective behaviour of a micro-cracked mortar [36] .
In a second step, the expressions proposed in [15, 12] are extended to determine the effective behaviour of a periodic microcracked viscoelastic masonry cell. It is worth noting that even the dilute scheme is useful for dilute concentrations of cracks, it has been demonstrated in [23, 22] At last, section 6 presents local and global mechanical fields predictions for a compressed masonry panel studied in [15] . In addition to the crack density parameter and time, this section studies the effects of the mortar's rheology model and panel's boundary conditions.
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Main objective and hypothesis
The objective of this study is to evaluate the effective and local behaviour of masonries exhibiting nonlinear behaviours mainly viscoelastic at short and/or long times especially when they are subjected to severe or long term loading such as historical monuments or refractory masonry linings working under high temperatures. For undamaged state, this work enlarges the applications -USBR and Feng models -treated in the Cecchi & Tralli paper and the Generalized Maxwell model in the Cecchi & Taliercio work to the Modified Maxwell and typical Burgers rheological models. Moreover it is an extension of these models to microcracked viscoelastic masonries which considers apart the spherical and deviatoric parts of the creep behaviour unlike applications in [15] . Since this model provides stress distribution throughout studied masonry wall or structure with low computational efforts, it allows to predict cracked areas or failure zones mainly if compressive, tensile and shear masonry's strengths are beforehand known. For first applications and for the sake of simplicity, it can be assumed that only the mortar is a micro-cracked viscoelastic material [41, 31] . Its behaviour (at the undamaged state) obeys to the Modified Maxwell or typical Burgers models. The blocks or bricks are assumed to be undamaged and to have either a rigid or elastic isotropic behaviour. In the mortar, the cracks are assumed to be penny-shaped and to have an isotropic distribution. The proposed approach is based on two main steps. Firstly, the homogenization technique is applied in order to assess the effective behaviour of the micro-cracked mortar. The results of brittle fracture mechanics -the Griffith's theory -could be useful if we move from the real temporal space to the symbolic one due the Laplace-Carson (LC) transform. In the later space, the apparent behaviour of the mortar is linear elastic. This procedure allows the use of expressions available in the literature for the displacement's jump induced by the crack [36] . Assuming again that the displacement jump field depends linearly on the macroscopic stress, it is possible to define an effective linear behaviour for the micro-cracked mortar in the symbolic space. To determine the global behaviour in the real space time, it is possible to apply the inverse of the LC transform in some simple cases. It is then interesting to approach in the symbolic space, at least in short and long terms, the symbolic effective stiffness (or compliance) by an existing rheological model. For example, if the undamaged mortar behaves as the Modified Maxwell model, we try to approach the symbolic effective behaviour of the corresponding microcracked mortar by the same model. After validation of this approximation at short and long terms, the inversion of the apparent effective stiffness will be straightforward.
Therefore, the effective behaviour of the micro-cracked viscoelastic mortar could be expressed in the real space time. In a second step, the global behaviour proposed for undamaged linear viscoelastic periodic masonries [15, 13, 12] is extended in this study for similar masonry cell with microcracks.
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A N U S C R I P T Basic steps followed by the proposed models -extension of the Cecchi & Tralli [15] and Cecchi & Taliercio [12] models to microcracked viscoelastic masonries -are summarized in Figure (1) . Hereafter, it is proposed to explicit the main hypothesis adopted to carry out and perform the principle steps ((s 1 ) and (s 2 )) of the proposed model. periodic homogenization (if dimensions of joints are finite [15, 13] ) and asymptotic analysis (if these dimensions tend to 0 [14, 12] ) in order to provide the effective stiffness of the homogeneous material MHE-2 (e) equivalent to the masonry's cell (d). The rheology of the mortar with penny-shaped micro-cracks follows either the Modified Maxwell (j) or typical Burgers (f) model. 
where A p is the average of the strain localisation tensor A(z) over the pore space Ω p and φ is the porosity volume fraction. Classical estimates of A p are based on the solution of the Eshelby single
ellipsoidal inhomogeneity problem. Indeed this inhomogeneity Ω p is assumed to be embedded in an infinite homogeneous medium made up of an elastic material subjected to linear displacement boundary conditions of the form:
In that case, the strain ε p in the inhomogeneity proves to be uniform. In the particular case of a cavity embedded in an infinite solid medium, ε p is given by:
where S E is the Eshelby tensor of the cavity function of the cavity's geometry and the bulk elasticity tensor C s . According to equation (3), the dilute scheme's estimate of the localization tensor A p reads:
For a flat spheroid -usual 3D crack model -of aspect ratio w << 1, the Eshelby tensor S E is a function of w. Accordingly the components A p iikl and A p ikik of the tensor (4) are of the order of 1/w and therefore is the ratio of the normal strain ε nn to the macroscopic strain E. Possible nonenegligible variations of 1/w is in contradiction with the assumption of linearity of the localization relationship (3). To overcome this difficulty, Deudé et al. [21] have proposed to consider the rate-type formulation of the problem i.e. the strain localisation tensor (3) should be replaced by a strain rate localization as in the following:ε (z) = A(z) :Ė Similarly, the rate-type formulation of the Eshelby problem (3) for a spheroidal cavity reads:
Recall that w here refers to the aspect ratio in the current configuration of the spheroidal cavity.
Such hypothesis implies that the use of A p in the homogenized stiffness (1) leads to an estimate of the tangent effective stiffness. Moreover, since the crack porosity φ is proportional to w [21] , the tangent effective stiffness is mathematically independent of w. This renders the effective behaviour linear elastic. Note that the rate-type hypothesis is indispensable [21] to also avoid troubles related to possible large strain in the direction normal to the crack.
On the other hand, the extension of the linear homogenization schemes to non-aging viscoelasticity is based on the Laplace-Carson (LC) transform [42, 40] . The effective stiffnessC =< C : A > becomes
in the LC space where C * is the apparent elastic stiffness. The presence of microcracks implies the existence of nonlinearity at the local scale in the relationship between the crack strain and the macroscopic strain. Accordingly the homogenization of a viscoelastic cracked medium is not as straightforward as (6) . The basic idea consists in anticipating that both the microscopic strain field and the displacement discontinuity vectors [u] i linearly depend on the macroscopic stress. Such an hypothesis, confirmed by [36] , justifies the use of the LC transform which can be applied to the macroscopic strain related to the microscopic strain and the displacement discontinuity vectors [u] i between two lips of crack.
2.2. Homogenization of regular masonry with viscoelastic mortar joints: coupling between asymptotic analysis and periodic homogenization in the real temporal space
Since the procedure explained in the previous paragraph (see section (2.1)) provides the apparent creep function J * of the microcracked viscoelastic mortar, it is possible to derive the real creep function using an appropriate (analytical due to the Bromwich integral defined in the complex plane by
pt dp [5] or numerical as the collocation [40] or multi-data [18] methods) inversion procedure of the LC transform.
Linear elastic case
Classically, to determine the global behaviour of regular masonry with linear elastic constituents, it is useful to apply periodic homogenization technique. For that purpose, Cecchi and Rizzi [11] , De Felice [19, 20] and Cecchi and Sab [14] have proposed to apply asymptotic homogenization technique with a perturbative analysis as a function of several parameters: ε 0 that defines the relationship between the overall dimensions of the element and those of the characteristic pattern, α which defines the relationship between the dimension of the mortar joint and that of the characteristic pattern and β defining the ratio of the mortar stiffness to the brick stiffness in order to provide constitutive functions depending on the said parameters. Besides these authors have investigated the obtained solutions as these parameters tend towards zero which is frequently the case for the bed joints. These studies are motivated by the fact that a mortar in historical masonry is much more deformable than the block and that its thickness is often negligible compared to the dimensions of the blocks. The homogenized stiffness tensor A i, j is computed on Y * by solving the following auxiliary problem on the periodic linear elastic masonry pattern Y * (see Figure ( 2)-a).
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Here a b and a m are respectively the elastic constitutive functions pertaining to the blocks and mortar. σ * and ε * are respectively the local stress and strain in the cell Y * . n is a unit vector normal to the boundary ∂Y * of this cell and u * is the local displacement field of a point M pertaining to this cell.
For a macroscopic strain E, it follows that: Σ = σ * 
with boundary conditions
where σ 0 and ε 0 are local stress and strain fields in the pattern Y b . n is the unit vector in the y 1 and y 2 middle planes of the Y −REV, Σ I is the interface and [u 0 ] is the jump in displacement field at Σ I and the fourth-order tensor K is given by
assuming isotropic behaviour of mortar [29] . The resolution of the auxiliary problem (8) 
where
or K = 2µ m + λ * m (plane stress) and K = µ m or equivalently
(plane stress)
(plane strain)
. The joint thickness is taken into account in the following mathematical procedure
whereã H is the homogenized 2D elasticity tensor obtained with plane stress in the bricks and 2D
restriction of K at the plane strain interface in the mortar.Ã H is the homogenized plane strain elasticity tensor i.e. with plane strain hypothesis in both blocks and mortar.Ã R is the homogenized in-plane tensor defined by:
where A b * is the plane stress elasticity tensor of blocks and A F is the homogenized membrane tensor for rigid blocks connected by elastic interfaces. The homogenized tensorÃ R reads [15]
where, here
The differences between equations (14) and those obtained by Cecchi and Sab [14] (see equations (10)) lie in the ratio e v b and e h a , which
are substituted respectively by e v b + e v and e h a + e h , in the componentsÃ
Extension to viscoelatic case
For the viscoelastic periodic problem, the auxiliary problem (7) related to the elastic constituents can be rewritten as follows by reference to the periodic pattern
Here, σ(t) is the microscopic stress tensor state; ε(u(y)) is the microscopic strain tensor state; u per is the periodic displacement field andĖ is the macroscopic in-plane strain tensor rate.
Since in the Cecchi & Tralli work, the hypothesis of cohesive joints was also adopted, an asymptotic auxiliary problem (similar to equations (8)) can be written with reference to the pattern Y b . The mortar appears merely as a boundary condition. In that case, assuming also that the viscoelastic mortar is isotropic, then the K tensor can be rewritten as function of the viscous function of the mortar, i.e.:
where the K tensor has a diagonal form in this case. K = K h for the horizontal interface and K = K v for the vertical interface.
If only the mortar is assumed to be viscoelastic such that its stiffness tensor reads 
. It is noted that here only the Young's modulus is assumed to be a function of viscosity; the only characteristic parameters for mortar are the bulk modulus and shear modulus, rather than the Poisson's ratio.
For a microcracked mortar, it is proposed in step (s 2 ) (see Figure (1) ) to estimate the effective moduli of the homogeneous equivalent material MHE−2 (see Figure (1 )-e). These properties could be deduced from the macroscopic plane stress law Σ =C :ε or equivalentlyε =S : Σ which reads
whereS andC are respectively the effective compliance and stiffness of the masonry periodic cell.
where, in the case of undamaged elastic bricks, the stiffness componentsC ijkl are provided by the [12] have proposed a homogenized compliance for viscoelastic undamaged masonry with mortar joints assimilated to interfaces. In this paper we propose to extend also this model to microcracked masonry with finite dimensions of microcracked mortar joints. The
A C C E P T E D M
A N U S C R I P T effective compliance of the damaged viscoelastic masonry reads then:
The damaged masonry's effective moduli are then the following:
properties are explicit function of the crack density -damage parameter -, time and ratios 
Rheological models for undamaged mortar
The rate-dependent mechanical behaviour of mortar is often approximated by a linear viscoelastic model [17, 28] . For the sake of simplicity, only non-aging formulation will be considered in this work.
The practical interest of this simple formulation is that it allows to transform a time-dependent boundary value problem into a linear elastic one using the well-known correspondence theorem based on the Laplace-Carson transform. Among the simplest formulations used to model the non-aging model is characterized by an isotropic fourth-order tensor related to its elasticity or viscosity
where k α and µ α (α = K or M ) denote the bulk and shear moduli. η 
where, for isotropic mortar material, the elastic and viscous compliances of the Maxwell part are given respectively by S 
and allows the definition of the following symbolic Modified Maxwell elastic compliance
Assuming the isotropy of the mortar behaviour, the symbolic compliance (24) reads
The associated apparent creep function is then given by
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The analytical direct inversion of (26) leads to the MM's real creep function
with the characteristic times τ
for respectively the spherical and deviatoric parts of the MM's viscous behaviour.
Creep function of microcracked non-aging linear viscoelastic mortar
We consider a RVE Ω made up of non-aging linear viscoelastic material and a network of plane penny-shaped cracks. In contrast to 3D ellipsoidal crack model considered in the Eshelby-type approach, the mathematical penny-shaped crack is a 2D problem in nature which does not refer to an aspect ratio w. During the time period of loading, assuming that the displacement u(z, t)
prescribed on the boundary ∂Ω is given by u(z, t) =ε(t).z where the macroscopic strainε(t) is the sum of the contribution of the elastic solid and of the fractures as follows
where Ω s is the domain of the undamaged matrix and a
for the vectors a and b. C i and n i denote respectively the boundary of the crack i and the vector normal to its plane. For empty cracks, the overall stress reads Σ =< σ > Ω = 1 V Ωs σdV =C :ε since the local stress in the voids is null.
Symbolic space: coupling between homogenization and Griffith's theory
The Laplace-Carson transform of the macroscopic strain (29) reads:
In the framework of the stress-based dilute scheme [22] , the displacement jump [u] i is linearly related to Σ. Indeed, the normal displacement jump (mode I) at the lips of a crack in an infinite matrix submitted to an isotropic asymptotic macroscopic stress Σ * = Σ * i can be written:
A C C E P T E D M A N U S C R I P T where l is the crack's radius and ρ is the position of a point M pertaining to the crack's plane.
The tangential displacement jump (mode II) under an asymptotic shear stress Σ * = Σ * n ⊗ s t where t is parallel to the crack's plane reads:
Effective dilute symbolic bulk moduli. Under an isotropic loading (Σ * = Σ : i), the elementary contribution of a crack to the macroscopic strain is purely normal ([u] * = [u n ] * n) as shown in (31) and reads:
Assuming that all cracks have the same radius l, an integration over all orientations on the unit sphere yields the total crack contribution:
where N denotes the number of cracks per unit volume. Combining (30) and (34) 
for the damage parameter d c = N l 3 [10, 23] . At last, since
in which the symbolic Poisson's ratio of the undamaged matrix reads:
Effective dilute symbolic shear moduli. Under a deviatoric loading in which the macroscopic stress reads Σ * = Σ * (e 1 ⊗ e 1 − e 3 ⊗ e 3 ), the elementary contribution of a crack to the macroscopic strain is derived from (31) and (32) according to its orientation. In the polar coordinates system (r, θ, Φ), the displacement jump is given by
A C C E P T E D M A N U S C R I P T if the normal vector n coincides with the radial unit vector e r . Integration over all crack orientations on the unit sphere yields
Accordingly and due to (30) , the apparent effective shear modulus reads
4.2. Creep function: identification of existent rheological models at short and long times
Since the expressions (37) and (40) can not be satisfied rigorously, it was proposed in [36] 
Hereafter, only the identification of the MM's creep parameters function will be detailed. Parameters related to the Burgers creep function at damaged state [37, 33] are reported in Appendix (A).
Expansions of the mortar's effective dilute apparent moduli
At the vicinity of p = 0, the expansions in series of 1 (27) 
where the coefficients Q 
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On the other hand, at the vicinity of p = ∞,
Identification of an existent rheological model for the cracked mortar's creep function
The dilute symbolic bulk's (37) and shear's (40) moduli of a non-aging linear viscoelastic (n.a.l.v.) microcracked mortar following the MM's model can be approached by expressions similar respectively to (27)-a and (27)-b available for a mortar with a matrix following the MM's rheological model
The series expansion of the dilute symbolic estimate of the bulk's modulus 1 k * DL (respectively shear modulus 1 µ * DL ) and its approximation 1
) at the vicinity of 0
and
allow the identification of the following six MM's parameters
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The characteristic times of the spherical and deviatoric parts of the Modified Maxwell model followed by the microcracked viscoelastic mortar are respectively
At last, the approximate creep function of a microcracked mortar which matrix follows the MM's model reads
Application for a 2D masonry with microcracked viscoelastic hybrid mortar
To assess the reliability of the Cecchi & Tralli extension model presented in this paper, it is proposed, in a first step (s 1 ) (see Figure (1 
4038 46490 2112 90866 0.22 Table 1 : Elastic and viscous moduli of hybrid mortar [28] for the spherical and deviatoric hybrid mortar's behaviour are assumed to be equal τ s = τ d = τ for the MM's and Burgers' models. The Young's modulus E R and Poisson's ratio ν R coincide respectively with E K and ν K , properties of the Kelvin-Voigt's spring.
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For damaged state, to validate the step (s 1 ), comparisons with results provided by Nguyen et al. [36] for concrete material following the typical Burgers model were carried out. Moreover the evolutions of the MM's model parameters identified in section (4.2.2) versus the crack density d c depicted in
Figure (13) in Appendix (7) validate this identification step since these parameters decrease with the increase of the damage parameter. Similar validation procedure was carried out for the Burgers parameters but is not reported in this paper for the sake of brevity.
In this work, the validity of the step (s 2 ) was ensured by comparisons with Cecchi & Sab [14] effective stiffnesses available for elastic undamaged masonry either with plane strain or plane stress hypothesis (see (7) in [15] ). Note that in this paper, the implemented effective stiffness componentsÃ 2222 andÃ 1212 are similar to those proposed by Cecchi & Sab [14] (see equation (10)) but accounting for creep and finite dimensions of mortar joints. Recall here that this version of the Burgers model is different from the modified or adapted ones proposed in [34, 46, 47] . Parameters of these modified Burgers models -generally up to 15 -need experimental investigations to be identified so as experimental creep curves coincide with modified Burgers predictions.
Evolutions of the normalized inverse dilute creep functions
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A N U S C R I P T (2) and (3) provide the effective properties of a periodic masonry cell with hybrid viscoelastic mortar at its undamaged and microcracked states with quasi-rigid (E b = 100E m (t 0 )) bricks. Tables (4) to (7) reported in Appendix (7) (5) and (6) [28] masonry cell as functions of the crack density parameter d c and time t. As expected, the normal-ACCEPTED MANUSCRIPT For the considered mortar, similarly to the evolutions of the normalized inverse creep functions (see figures (3)), the evolutions of the periodic unit cell's effective properties with a mortar following the MM's rheological model decrease at the short time to reach a non-zero asymptotic limit at the medium and long terms unlike the predictions of the Burgers' model which vanish at short and long term for any value of d c ≥ 0. It is worth noting that time or duration highly softens the MM's effective properties of masonry (even without damage). For E b = 100E m , this can reach 65% forẼ yy and 55% for theẼ xx moduli (see Figure (5) ) from the undamaged state after at least 100 days (see
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A N U S C R I P T Table- 3). The crack density d c accelerates this softening with an additional reduction of moduli of about 10% (E b = 20E m ) and 13% (E b = 100E m ) forẼ tt . These results are consistent with those provided by Choi et al. [17] . Indeed, unlike the typical Maxwell model, the additional spring in this model's chain provides resistance after full relaxation which makes the long-term creep rate decrease continuously to better represent the realistic long-term behaviour of masonry. Moreover, it has been proven in [17] and confirmed by Shrive et al. [43] that the basic Burgers model only gives good results for the first few days (up to 100 days) and then exaggerates the creep strain. Similarly to the USBR model, the Burgers model represents continuously increasing creep deformation unlike the Ross, Feng and Modified Maxwell models which predict finite creep deformation at t = ∞. Indeed, for the MM model, the asymptotic infinite limit is
for every crack density d c (see equation (51)). Moreover, it has been shown that the Burgers model [17] exhibits a serious convergence problem when identifying the creep parameters of a number of testd experimental specimens. Accordingly, it has been concluded [17] that in most cases the MM's model can more accurately predict masonry creep compared with the Feng, Ross, USBR and even basic Burgers rheological models since when the MM's model, USBR and Ross models were applied to test data reported by Brooks and Bingel [9] and Shrive et al. [43] , it provided the lowest prediction errors. interesting to postulate a damage evolution law (similar to equation (5) in [46, 47] ) -function of stress and time -and a damage rate formulation (as equation (6) [46, 47] ) -function of stress -so as there is correlation between this version of the Burgers model and experimental creep tests provided in [34, 46, 47] .
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At last, as shown in tables (3), (6) and (8) 
Time-dependent crack density d c
In this part, for the sake of simplicity, it is assumed that the crack density d c is set equal to zero at the initial time t 0 = 0 and evolves linearly with time t as follows
where, here, the rate of the crack densityḋ c is assumed to be a positive constant lower than 0.002/day (i.e. if t = 100 days, then d c reaches a maximum of 0.2). Indeed, beyond this limit, the dilute estimate will not be appropriate. Of course, as well known, the increase of the damage rate reduces the stiffness of the masonry cell. For the considered mortar (see Table- Table- 11 depicting elastic and viscous properties of tested specimens from the Pavia Tower [35] ) but with effective properties tending towards 0 within higher duration (beyond 500 days). These trends change (see Table- Table- 12) as it is the case of hybrid mortar with long-term characteristic times [47] . Indeed, in this case, the masonry's Burgers predictions, even though lower than MM's overall estimates, do not vanish after 1200 days with a crack density d c = 0.2 (see Table- properties of respectively hybrid mortar [47] or similar to tested specimens from the Pavia Tower [35] confirm trends previously mentioned for the MM's model when dealing with mortar's properties gathered by means of short term compressive tests on masonry wallets [28] . The trends of the MM's model are then independent from the values of the Maxwell's relaxation time, short or long-term gathered properties of the mortar. At last, it is worth noting that similar stress and time dependent evolution law and damage rate to those proposed in [34, 46, 47] should be considered similarly in a future work. Table-1. To validate this computation, it was checked that, under boundary condition BC−1, stress field 
Conclusions and perspectives
In this paper extensions of the Cecchi & Tralli [15] and the Cecchi & Taliercio [12] models were proposed for microcracked non-aging viscoelastic masonry using the MM's and basic Burgers models.
These extensions are based in a first step on the coupling between the Griffith's theory and the dilute mean-field homogenization scheme in order to derive easily and with low computational effort -without recourse to numerical inversion of the Laplace transform -the effective creep function of a microcracked non-aging viscoelastic mortar. In a second step, the proposed model is based on periodic homogenization accounting for finite thickness of the mortar joints in order to express explicitly the effective orthotropic behaviour of the microcracked viscoelastic masonry cell as function of the damage parameter. As a first application, these properties are used to simulate the local behaviour of a viscoelastic loaded (compressed) masonry wall with linear elastic or quasi-rigid bricks.
This model allows then the prediction and localization of mostly stressed and deformed areas in a loaded masonry wall or structure. Moreover, the effects of the damage parameter -crack density d c -and the ratio between the mortar's and bricks stiffness at short and long terms can be assessed. At this stage, this study demonstrates that unlike the proposed MM's model which estimates well the creep of masonry at short to long terms, the relevance of this version of the Burgers model is limited to mortars with too high Maxwell's relaxation times (τ M ≥ 10 7 (s)) otherwise it predicts vanishing A C C E P T E D M A N U S C R I P T stiffness at short and medium terms and exaggerated local strains. At last, this study should be improved on by accounting for creep of bricks which often occurs under high temperatures. More complex loadings and/or a masonry structure (an assembly of walls) could also be considered and simulated using the proposed model. It could be more rigorous to account for interactions between microcracks using the Mori-Tanaka or Ponte-Castañeda & Willis (PCW) homogenization models, to include crack density evolution law and damage rate similar to those proposed in [34, 46, 35, 47] .
These perspectives will be investigated in future works. [28] A C C E P T E D M A N U S C R I P T [28] A C C E P T E D M A N U S C R I P T A C C E P T E D M A N U S C R I P T 
